1. Introduction {#sec0005}
===============

Food and feedstuff contamination with heavy-metals represent problems in human and animal health, therefore attracting worldwide attention \[[@bib0005]\]. Unfortunately, Cadmium (Cd) is a metal of commercial importance. It used in nickel-Cd batteries, plating, pigments and plastics manufacturer \[[@bib0010]\]. Cd is a harmful and broadly disseminated poisonous material that is greatly detected in soil, food, air, and water \[[@bib0015]\]. Sheep, goat and cattle flocks could be grazed in Cd-contaminated grasses, therefore, gaining access into the livestock body tissues \[[@bib0020]\]. Cd is capable of distribution through different organs rapidly and most of ingested Cd enters into the liver and kidneys \[[@bib0025]\]. When Cd is gaining access into renal cells the cellular production of reactive oxygen species (ROS) and apoptosis occurred. Cd accumulated in the kidneys leading to nephrotoxicity \[[@bib0030],[@bib0035]\]. Cd was more pronounced in renal proximal convoluted tubules and clinically observed as glycosuria, proteinuria, and aminoaciduria \[[@bib0040]\]. The liver is the most target organ of Cd and Cd hepatotoxicity is the main reason for its acute lethality \[[@bib0045]\]. After absorption, cd is distributed in animal body through red blood cells or proteins. A major amount of Cd in RBCs joins with proteins of high molecular weight, whilst minor amount joins with hemoglobin so cd may cause anemia \[[@bib0050]\]. Cd is transferred to the liver and so caused damages and functional disturbance which confirmed histopathologically and biochemically. Nephrotoxicity is clarified via the structural damage of kidneys and the excretory functional changes \[[@bib0055],[@bib0060]\]. Cd was recorded to induce toxicity in reproductive, endocrine, pancreas, immune and cardiovascular systems \[[@bib0065],[@bib0070]\].

Medicinal Plants and formulated natural products have a wide important role in the elemination of many hepatorenal adverse effects that caused by espoure to enviromental and food contaminants \[[@bib0075],[@bib0080],[@bib0085]\]. Portulaca *oleracea* (P. *oleracea*) is a member of the Portulacaceae family commonly called *purslane* \[[@bib0090]\]. P. *oleracea* is richer in omega-3 fatty acids than other vegetables \[[@bib0095]\]. It contains vitamin A, vitamin C, carotenoids and some of vitamin B. Magnesium, calcium, potassium, and iron was detected. Also, two types of betalain alkaloid pigments which have antioxidant and antimutagenic effects \[[@bib0100]\]. P*. oleracea* have hepatoprotective effects against numerous toxins causing hepatotoxicity \[[@bib0105]\]. Some hepatotoxins induced liver fibrosis and increased all of the liver enzymes, total bilirubin and TNF-α in serum and malondialdehyde (MDA) in liver tissue. Also decreases the hepatic antioxidant activity. Conversely, by the administration of *P. oleracea,* all the disturbing biochemical parameters will return to normal \[[@bib0110]\]. *P. oleracea* have a promising role in the treatment of acute renal injury induced by nephrotoxins as cisplatin \[[@bib0115]\]. Application of purslane ethanolic extract treated the adverse changes in kidney functions, antioxidant, and peroxidation activity \[[@bib0090]\]. There is little information about the hepato-renal protection of Purslane (*P. oleracea*) against Cd toxicity. Therefore our aim in this experimental study is to clarify the hepato-renal protective effects of purslane against Cd toxicity.

2. Materials and methods {#sec0010}
========================

2.1. Preparation of Portulaca *oleracea* (*purslane*) ethanolic extract {#sec0015}
-----------------------------------------------------------------------

Fresh P. *oleracea* plant was collected on July 2016 from a farm in Assiut governorate, Egypt. The leaves of P. *oleracea* were cleaned and dried at ambient temperature (25 °C). Then, 500 ml of (50% ethanol solution) was added to 50 g of powdered leaves and the mixture heated under reﬂux for 60 min. The decoction was ﬁltered and frozen at −20 °C until used \[[@bib0120]\]. Finally, the preserved filtrate was thawed and then lyophilized. The crude yield of the lyophilized material was approximately 32% (w/w).

2.2. Phytochemical screening {#sec0020}
----------------------------

Phytochemical analysis carried out to determine the presence of active chemical constituents in purslane extract such as tannins, terpenoids, alkaloids, saponins, and flavonoids. The presence of flavonoids and tannins were detected chemically according to Brain and Turner \[[@bib0125]\]. The detection of alkaloids carried out according to Finar \[[@bib0130]\]. Saponins were detected by the method of Parekh et al. \[[@bib0135]\]. Salkovski test indicates the presence of terpenoids performed using a small amount of extract solution according to Finar \[[@bib0130]\].

2.3. Antioxidant activity {#sec0025}
-------------------------

DPPH radical-scavenging activity percentage of the antioxidant activity evaluated by the method of Brand-Williams et al. \[[@bib0140]\] using DPPH (2, 2-diphenyl-1-picryl-hydrazyl-hydrate) for initiation of the free radicals. The resulting solution measured spectrophotometrically at 517 nm.

2.4. Experimental animals {#sec0030}
-------------------------

Thirty-two Sprague-Dawley rats weighing 140--145 g were used. Rats housed in groups of 8 per cage with free access to standard laboratory chow and tap water. Rats housed in a temperature-controlled room (22 ± 2 °C and 40--60% RH) under 12 h light and dark cycles for 1 week prior to and during the experiment. The study conducted in accordance with ethical procedures and policies approved by the Animal Care and Use Committee of National Research Centre, Dokki, Egypt.

2.5. Kits {#sec0035}
---------

Alanine amino Transaminase (ALT), Aspartate amino Transaminase (AST), Alkaline Phosphatase, (ALP), Total Protein (TP) Urea, Creatinine, Triglyceride (TriG), Cholesterol (Cho.) kits from Spectrum Co. (Spain). Malondialdehyde (MDA), Catalase (CAT), Superoxide Dismutase (SOD) and Glutathione Peroxidase (GPx) kits from Bio-diagnostics Co. (Egypt).

2.6. Experimental design {#sec0040}
------------------------

Cadmium treatment and rat grouping: Cadmium chloride (CdCl~2~) dissolved in saline solution to induce chronic toxicity \[[@bib0145]\]. The dose of purslane extract was chosen as high dose to assure the protection against cadmium toxicity, while the dose 3.5 mg/kg of cadmium of body weight was chosen according to \[[@bib0150]\]. Rats randomly divided into four groups (n = 8) and treated regularly as single daily and intraperitoneally for 30 consecutive days by the following administrations:

First group: Rats were received normal saline and served as a negative control.

Second group: Rats were received an ethanolic extract of *purslane* at a dose of (2 g/kg bw).

Third group: Rats were received of CdCl~2~ at a dose of (3.5 mg/kg bw).

Fourth group: rats were received of CdCl~2~ at a dose of (3.5 mg/kg bw) and after 30 min the rats treated with ethanolic extract of *purslane* at a dose of (2 g/kg bw).

In 31st day, blood samples were collected via retro-orbital venous plexus and serum was separated \[[@bib0155]\] then rats sacrificed and liver and kidneys from rats were excised, weighed and rinsed in ice-cold 0.25 M sucrose solution and 10%w/v homogenate prepared in 0.05 M PBS (pH 7), centrifuged at 12,000×g / 60 min at 4 °C \[[@bib0160]\]. Supernatant collected and stored at−20 °C until monitored for oxidative stress parameters.

2.7. Determination of serum biochemical parameters {#sec0045}
--------------------------------------------------

Serum Alanine-amino-Transaminase(ALT), Aspartate-amino-Transaminase(AST) \[[@bib0165]\] Alkaline Phosphatase (ALP) \[[@bib0170]\], Cholesterol (Cho) \[[@bib0175]\], Triglycerides (TriG) \[[@bib0180], Urea \[[@bib0185]\], Creatinine \[[@bib0190]\].

2.8. Protein estimation {#sec0050}
-----------------------

Protein estimated in subcellular fractions using bovine serum albumin (BSA) as standard. The rapid and sensitive method was done for quantitation of microgram quantities of protein utilizing the principle of protein-dye binding \[[@bib0195]\].

2.9. Measurement of Malondialdehyde (MDA) in liver homogenates {#sec0055}
--------------------------------------------------------------

Malondialdehyde (MDA) used as a biomarker for lipid peroxidation. MDA reacts with thiobarbituric acid (TBA) as a thiobarbituric acid reactive substance (TBARS) to form a 1:2 MDA-TBA adduct, which absorbs at 532 nm. Thus, the quantity of TBARS is proportionate to the amount of MDA. The concentration of TBARS is determined and calculated using the MDA standard curve and was expressed as nmol/mg of protein \[[@bib0200]\].

2.10. Determination of cellular antioxidant status {#sec0060}
--------------------------------------------------

Oxidative stress was measured by estimating the enzymatic and non-enzymatic antioxidants such as superoxide dismutase (SOD) \[[@bib0205]\], catalase \[[@bib0210]\], and glutathione peroxidase (GPx) \[[@bib0215]\] in liver tissue homogenate.

2.11. Statistical analysis {#sec0065}
--------------------------

Data are presented as means ± SD and evaluated by one-way analysis of variance (ANOVA) implemented in SPSS Version 13.0 (SPSS Ltd., Surrey, UK). Individual comparisons assessed by Duncan's multiple range test (DMRT). Differencesare statistically signiﬁcant when p \< 0.05.

2.12. Histopathological examination {#sec0070}
-----------------------------------

Programmable post mortem examination was carried out for the four groups of rats. All macroscopical lesions were recorded. Tissue specimens from the liver, kidney were taken for histopathological processing. The collected tissue specimens were fixed in 10% neutral buffer formalin (NBF). Routine dehydration, embedding in paraffin wax and sectioning at 5 μm occurred. The tissue slides were stained with hematoxylin and eosin (H&E) for histopathological examination \[[@bib0220]\].

3. Results {#sec0075}
==========

All rats survived along the experimental period of 4 weeks till they were sacrificed in the 31st day. Daily observation over the experimental period showed detectable alterations in the healthy state of the cadmium treated rats (group 3).

3.1. Phytochemical constituents of Portulaca *oleracea* ethanolic extract {#sec0080}
-------------------------------------------------------------------------

[Table 1](#tbl0005){ref-type="table"} illustrated the presence of alkaloids, flavonoids, steroids, saponins, and phenols and absence of tannins in ethanolic extracts of P. *oleracea* these findings in line with \[[@bib0225]\].Table 1Phytochemical constituents of Portulaca *oleracea* ethanolic extract.Table 1Purslane Ethanolic extractAntioxidants activityFlavonoidsTanninsSaponinsTerpenoidsAlkaloids--69%+--++++[^1]

3.2. Changes in body, liver and kidney weights of the rats {#sec0085}
----------------------------------------------------------

[Table 2](#tbl0010){ref-type="table"} showed that the final body weight, body weight gain, liver, and kidneys weight showed signiﬁcant difference among groups. Exposure to cd significantly (p \< 0.05) decreased ﬁnal body weight, body weight gain but increased in control and *purslane* treated groups. Inversely, liver and kidney weights significantly (p \< 0.05) increased in cd treated group. Rats treated with *Purslane* extract plus cd showed a significant increase in ﬁnal body weight, body weight gain, liver and kidney weights as compared to cd treated group. Rats treated with *Purslane* only exhibited no significant difference.Table 2Body, liver and kidney weights of rats treated with P. *oleracea* ethanolic extract.Table 2ControlPEE (2 g/kg bw)Cadmium (3.5 mg/kg bw)PEE\
(2 g/kgbw) + Cadmium (3.5 mg/kg bw)Body weight (g)Initial143.6 ± 1.6143.3 ± 2.2144.5 ± 3.5145.6 ± 1.6Final212.4 ± 2.3219 ± 5.5182.6 ± 4.5[\*](#tblfn0005){ref-type="table-fn"}196.3 ± 1.5Weight gain (g)68.80 ± 3.475.7 ± 7.738.1 ± 7.9[\*](#tblfn0005){ref-type="table-fn"}50.7 ± 2.1[\*](#tblfn0005){ref-type="table-fn"}Liver weight (g)2.94 ± 0.152.81 ± 0.163.54 ± 0.12[\*](#tblfn0005){ref-type="table-fn"}2.81 ± 0.11liver weight/ body weight X 1001.38 ± 0.061.28 ± 0.091.94 ± 0.05[\*](#tblfn0005){ref-type="table-fn"}1.43 ± 0.06kidney weight (g)1.70 ± 0.031.70 ± 0.031.90 ± 0.17[\*](#tblfn0005){ref-type="table-fn"}1.81 ± 0.14Kidney weight/ body weight X 1000.80 ± 0.030.80 ± 0.031.08 ± 0.8[\*](#tblfn0005){ref-type="table-fn"}0.90 ± 0.07[^2][^3][^4]

3.3. Effect of cadmium and P. *oleracea* ethanolic extract on liver function of the rat {#sec0090}
---------------------------------------------------------------------------------------

[Table 3](#tbl0015){ref-type="table"}, after 30 concessive days treatment with cd, *Purslane* extract and their combination to rats. Cd-treated group developed hepatocellular damage that evident from significant elevation in serum activities of AST, ALT, ALP, TGi, and TP levels in comparison to control rats. The ethanolic extract of P. *oleracea* showed significant restoration of the altered biochemical parameters at a dose (2 mg/kg) when compared to Cd-treated group.Table 3Effect of cadmium and P. *oleracea* ethanolic extract on liver function of the rat.Table 3ALT (IU/ml)AST (IU/ml)ALP (IU/ml)TP (mg/dl)Control33.8 ± 0.437 ± 0.6178.8 ± 36.2 ± 0.2PEE (2 g/kg bw)35.1 ± 139.1 ± 1.6179.8 ± 1.86.3 ± 0.3Cadmium (3.5 mg/kg bw)85 ± 1.4[\*](#tblfn0010){ref-type="table-fn"}91.4 ± 2.9[\*](#tblfn0010){ref-type="table-fn"}216.8 ± 3[\*](#tblfn0010){ref-type="table-fn"}8.3 ± 0.3[\*](#tblfn0010){ref-type="table-fn"}PEE (2 g/kg bw) + Cadmium (3.5 mg/kg bw)35.7 ± 240.7 ± 0.6180.4 ± 0.96.5 ± 0.1[^5][^6]

3.4. Effect of cadmium and P. *oleracea* on kidney function {#sec0095}
-----------------------------------------------------------

[Table 4](#tbl0020){ref-type="table"} stated significant (p \< 0.05) increase in serum urea and creatinine in Cd-treated group were noticed. Daily administration of P. *oleracea* eﬃciently maintained the normal serum urea and creatinine levels. The combination between P. *oleracea* and Cd caused significantly restored serum creatinine levels to normal as compared to Cd alone but serum urea had no significant difference from Cd group.Table 4Effect of cadmium and P. *oleracea* ethanolic extract on kidney function.Table 4Creatinine (mg/dl)Urea (mg/dl)Control0.60 ± 0.015.7 ± 0.07PEE (2 g/kg bw)0.61 ± 0.015.9 ± 0.3Cadmium (3.5 mg/kg bw)0.84 ± 0.02[\*](#tblfn0015){ref-type="table-fn"}7.8 ± 0.4[\*](#tblfn0015){ref-type="table-fn"}PEE(2 g/kg bw) + Cadmium (3.5 mg/kg bw)0.64 ± 0.106.1 ± 0.9[\*](#tblfn0015){ref-type="table-fn"}[^7][^8][^9]

3.5. Effect of cadmium and P. *oleracea* on serum triglycerides and cholesterol {#sec0100}
-------------------------------------------------------------------------------

[Table 5](#tbl0025){ref-type="table"} Summarized Significant elevation in triglyceride and cholesterol level in Cd-treated group was observed. Otherwise no significant difference (p \< 0.05) in triglycerides and cholesterol levels of rats treated with *purslane* alone or *purslane* plus Cd when compared with the control group.Table 5Effect of cadmium and P. *oleracea* ethanolic extract on serum triglycerides and Cholesterol.Table 5TriG (mg/dl)Cholesterol (mg/dl)Control47.6 ± 0.7177.3 ± 2.5PEE (2 g/kg bw)52.7 ± 2.2180.2 ± 4.6Cadmium (3.5 mg/kg bw)177.2 ± 4.3[\*](#tblfn0020){ref-type="table-fn"}206.7 ± 2.1[\*](#tblfn0020){ref-type="table-fn"}PEE(2 g/kg bw) + Cadmium (3.5 mg/kg bw)92.8 ± 4.8[\*](#tblfn0020){ref-type="table-fn"}179 ± 1.7[^10][^11][^12]

3.6. Effect of cadmium and P. *oleracea* extract on antioxidant status and lipid peroxidation {#sec0105}
---------------------------------------------------------------------------------------------

[Table 6](#tbl0030){ref-type="table"} revealed that Cd- administration caused a signiﬁcant reduction in antioxidant enzymes (SOD, CAT, Gpx) in Cd-treated group in comparison to control group. Inversely; Cd increases lipid peroxidation activity as measured as MDA products in serum. Rats received *purslane* extract alone showed signiﬁcant enhancement in antioxidant capacities by elevation the levels of SOD, CAT, and GPx. Whereas rats received *purslane* plus Cd showed significant improvement in lipid peroxidation and antioxidant enzymes activity.Table 6Effect of cadmium and P. *oleracea* ethanolic extract on SOD, CAT, GPx and MDA.Table 6SOD (U/mgp)CAT (U/mgp)GPx (U/mgp)MDA (nmol/mgp)Control8.31 ± 0.154.3 ± 0.016.43 ± 0.214.53 ± 0.2PEE (2 mg/kg bw)7.64 ± 0.044.1 ± 0.085.34 ± 0.214.31 ± 0.25Cadmium (3.5 mg/kg bw)5.55 ± 0.4[\*](#tblfn0025){ref-type="table-fn"}3.04 ± 0.15[\*](#tblfn0025){ref-type="table-fn"}2.44 ± 0.1[\*](#tblfn0025){ref-type="table-fn"}20.12 ± 0.4[\*](#tblfn0025){ref-type="table-fn"}PEE (2 mg/kg bw) + Cadmium (3.5 mg/kg bw)7.50 ± 0.13.4 ± 0.253.86 ± 0.316.41 ± 1.06[^13][^14][^15]

3.7. Histopathological findings {#sec0110}
-------------------------------

The histopathological findings in the four groups of rats in this experiment revealed that; Liver and kidney in the first group showed complete normal architectures and tissue details as in Fig. A&B. Group (2) which treated only with P*. oleracea* ethanolic extract, the hepatic and renal tissues do not exhibit any signs of toxicity either hemorrhages or tissue damages as in Fig. C&D. In contrast; Group (3) which treated with cadmium chloride (Cd) exhibited severe tissue toxicity mainly severe congestion in central veins of hepatic lobules accompanied by hemorrhages among hepatic cords. Moreover, mild multifocal infiltrations of inflammatory cells between the areas of hemorrhages were detected as in Fig. E. The renal tissue clarified severe congestion in the renal blood vessels accompanied with peri tubular and peri glomerular extravasation of RBCs. Moreover, large numbers of the proximal convoluted tubules in the peri vascular areas suffered from severe atrophy as in Fig G. Group (4) which firstly treated with Cd and then treated with P*. oleracea* ethanolic extract showed that; Liver exhibited recovery of the haemorrhagic and inflammatory condition and the hepatic tissue return to normal as denoted in Fig. F. The renal tissue became completely normal except presence of mild degeneration in the lining epithelium of the proximal convoluted tubules as in Fig H ([Plate 1](#fig0005){ref-type="fig"}).Plate 1Photomicrograph for experimental design done on female Sprague-Dawley rats classified into 4 groups and the route of administration is intraperitoneal injection: Group (1) control, Group (2) Rats treated with P. *oleracea* ethanolic extract (2 mg/kg bw), Group (3) rats treated with CdCl~2~ (3.5 mg/kg bw), Group (4) rats treated with (CdCl~2~ 3.5 mg/kg bw + P*. oleracea* 2 mg/kg bw). All tissues pecimens were stained with H&E stain.Liver: Fig A: Control group (1) showed completely normal tissue details in liver X 100. Fig B: group (2) liver exhibited normal tissue characters without histopathological changes X 100. Fig C: Liver of group (3) showed severe congestion in the central veins of hepatic lobules accompanied with hemorrhages among the hepatic cords **(black** arrows). Mild multifocal infiltrations of inflammatory cells among several hemorrhagic areas (yellow arrows) were noticed X 200. Fig D: Liver of the fourth group exhibited recovery of the hemorrhagic and inflammatory condition and the hepatic tissue return to normal X 200.Kidney: Fig E: control group showed the normal renal tissue X 100. Fig F: group (2) kidney exhibited no histopathological changes than normal X 100. Fig G: Kidney of group (3) clarified severe congestion in most of the renal blood vessels associated with multifocal extravasation of blood among the proximal convoluted tubules and in the peri glomerular areas **(black** arrows). Also, severe atrophy in large numbers of the renal tubules in the peri vascular areas (yellow arrows) was observed X 200. Fig H: Kidney of group (4) the renal tissue became completely normal except presence of mild degeneration in the lining epithelium of proximal convoluted tubules (yellow arrows) X 200.Plate 1

4. Discussion {#sec0115}
=============

Environmental contamination by Cd is a worldwide problem. Cd is a highly toxic heavy metal and its toxicity occurred by ingestion and inhalation \[[@bib0230]\]. Metabolism and accumulation of Cd occurred in liver and kidney so they are exposed to Cd toxicity \[[@bib0235],[@bib0240]\]. In this study ethanolic extract of P. *oleracea* experimented for overcoming the Cd toxicity in liver and kidneys of rats. The mean body weight of Cd-treated group significantly decreased with a significant increase in relative liver weight, which comes in agreement with the ﬁndings of El-demerdash et al. \[[@bib0245]\]. Rahman et al. \[[@bib0250]\] reported that; long-time exposure to Cd is directly proportional to increase the risk of diabetes mellitus which expounds the weight loss in rats. Also, exposure to heavy metals deteriorates the glucocorticoid system which in turn associated with weight gain/loss \[[@bib0255]\]. The rats treated with P. *oleracea* alone showed no signiﬁcant effect in liver functions. Signiﬁcant restoration of hepatic enzymes was observed, so purslane extract contributing hepato-protection against Cd toxicity. The protective effect of P. *oleracea* may be due to its constituents from the active components as Flavonoids, polyphenols, and Alkaloids. Polyphenols have been reported to possess a membrane stabilizing activity by inhibiting the generation of ROS induced by Cd and maintain the cell membrane structural integrity \[[@bib0260]\]. Our findings exhibited elevation in liver enzymes in Cd-treated group. These findings come in the same line with Toppo et al. \[[@bib0265]\] who revealed that; Cd toxicity causing hepatic cell damage and its enzymes AST, ALP and ALT released into circulation, therefore the level of these enzymes in blood elevated than normal \[[@bib0270]\]. The functional nephrotoxicity in the study was indexed through urea and creatinine which was elevated in Cd-treated rats as matched to control rats. Marked improvement was detected in renal function that supports the protective effect of *purslane* against Cd nephrotoxicity. Our results agreed with Liang et al. \[[@bib0275]\] who reported that Purslane extract reduced urea and creatinine levels. The data of the present study pointed out that; there was marked an increase in cholesterol, triglycerides levels, this might be due to Cd-induced oxidative stress leading to high level of H2O2 which in turn causing impairment in lipid metabolism and lipid peroxidation which is correlated with Cd toxicity \[[@bib0280]\]. More to the point, oxidative stress may induce a significant increase in serum cholesterol and triglycerides concentration was observed in comparison to control rats as a result of cadmium toxicity. This rise in serum cholesterol level could be due to the changes in the gene expression of some hepatic enzymes such as hydroxyl-methyl-glutaryl Co A reductase (HMG-CoA) due to cadmium \[[@bib0285]\]. HMG CoA reductase is the rate-limiting enzyme in cholesterol biosynthesis. Cadmium might have stimulated the activity of this enzyme \[[@bib0290]\]. Decreased activity of cytochrome P450 enzymes could also be the reason for increased cholesterol concentration \[[@bib0295]\]. High serum cholesterol concentration may also be due to hepatic dysfunction \[[@bib0285],[@bib0300]\]. Co-treatment with P. *oleracea* showed effective prevention in lipid peroxidation. Our ﬁndings are agreed with the records of Sharma \[[@bib0305]\]. The anti-oxidant activity of P. *oleracea* was the main cause of the reduction in lipid oxidation. Other studies added that; the poly-saccharide contents of P. *oleracea* possess great antioxidant ability by scavenging the free radicals like nitric oxide, hydroxyl and superoxide radicals \[[@bib0310]\]. The pretreatment of Magnesium at 40 mg Mg/kg b.w. against Cd-treatment was efficient in restoring renal and testis, GSH levels towards the control group, but had no effect on hepatic GS after the in mice intoxicated with cadmium. Also, the enhanced dietary Mg intake during Cd exposure can have at least partly beneficial effect on Cd-induced alterations in homeostasis of zinc, copper, and magnesium \[[@bib0315]\]. In the same concern \[[@bib0320]\], showed that Cd exposure Caused to diminished activities of SOD, CAT, GR, and GPx and a concomitant increase in LPx and GST activities. Administration of Ca + Zn and Vit-E with Cd significantly reversed Cd-induced alterations in oxidative stress marker enzymes. However, Vit-E showed more inhibitory activity against Cd than did Ca + Zn, and it protected against Cd-induced nephrotoxicity.

Moreover, the P. *oleracea* Co-treated rats with Cd led to a significant decrease of oxidative stress markers when compared with Cd-treated rats might be imputed to the antioxidant effects of polyphenols components present in *purslane* extract which protect cells from free radicals. In the same concern, CAT prevents oxidative hazards from H~2~O~2~ by catalyzing the formation of H~2~O and O~2~ \[[@bib0325]\]. Glutathione is a non-enzymatic antioxidant that quenches ROS as lipid peroxides \[[@bib0330]\]. Measuring of enzymatic and non-enzymatic antioxidant activities in our study emphasizes the protection of *purslane* on Cd-induced oxidative stress. Cd decreased the activities of SOD, CAT, and GPx in liver homogenates of rats were also reported by Chen et al. \[[@bib0260]\]

The main histopathological findings occur in Cd-treated group is; generalized congestion in blood vessels and hemorrhagic inflammation in both kidney and liver. These findings could be clarified as; recent researches highlight the relationship between vascular diseases and Cd toxicity where the endothelial lining of blood vessels is impaired via Cd toxicity \[[@bib0335]\]. There is a close relationship between Cd hepatotoxicity and inﬂammation; after Cd intoxication the neutrophilic infiltration and Kupffer cell activation were occurred and released several inﬂammatory mediators as ROS, nitric oxide which activated the expression of adhesion molecules as vascular cell adhesion molecule-1 (VCAM-1), intercellular adhesion molecule-1 (IMAC-1) in liver, these mediators are responsible for adherence and activation of circulating inﬂammatory cells leading to inﬂammation and liver damage \[[@bib0040]\]. Our findings on renal tissue are; severe congestion of renal blood vessels and extravasation of RBCs among glomeruli and proximal convoluted tubules. Degeneration and desquamation in the lining epithelium of proximal convoluted tubules observed, some other tubules showed atrophy. These finding could be explained as; Cd-induced nephrotoxicity is mediated by the formation of Cd metallothionein complex (Cd-Mt), which is constituted in liver and released to bloodstream. Cd-Mt was filtrated by renal glomeruli and taken up by the proximal convoluted tubular cells. This complex leads to tissue damage and gradual loss of the organ's function \[[@bib0340]\].

In the present study, liver and kidney in Cd and P*. oleracea* co-treated group exhibited recovery of their inflammatory and hemorrhagic conditions and returning of these tissues into normal. These finding could be related to the varieties of bioactivities of P. *oleracea* as; the antibacterial, analgesic and anti-inflammatory effects of P*. oleracea* \[[@bib0345]\], in addition to the free radical scavenging activity of P*. oleracea* due to its content from the high level of total flavonoids \[[@bib0350]\]. Other literature also revealed that; P*. oleracea* has an antioxidative influence in the cardiovascular system of mice by elevating the SOD activity \[[@bib0100]\]. Our findings in the present study come in accordance with Karimi et al. \[[@bib0115]\] they reported that; P*. oleracea* possesses the obvious nephroprotective capability and has a promising effect in the treatment of acute renal damage induced by nephrotoxins. *Purslane* is considered as a very good source for omega-3 fatty acid which has a great impact in development, growth, prevention of several cardiovascular diseases, and keeping the healthiness of immune system \[[@bib0355]\].

5. Conclusion {#sec0120}
=============

It could be concluded that administration of cadmium chloride at (3.5 mg/kg bw) for 30 days caused significant (p \< 0.05) elevation in liver and kidney function levels, in addition to elevation in levels of cholesterol and triglyceride. Whereas the daily administration of P. *oleracea* ethanolic extract in combination with Cd restored levels of liver function and lipid markers to normalcy. Moreover, it significantly restored creatinine to a normal level but the urea level showed no significant difference from the Cd-treated group. As regard to the antioxidant system, Cd- administration caused a significant (p \< 0.05) decline in of the antioxidant enzymes activities associated with elevating MDA level in serum. While P. *oleracea* extract showed enhancement in antioxidant capacities through increasing activities of antioxidant enzymes associated with reducing the MDA level significantly (p \< 0.05). Furthermore, Cd-administration exhibited severe alterations histopathological detected in the liver and renal tissues. The administration of P. *oleracea* extract ameliorated liver and kidneys tissues through facilitating recovery of the hemorrhagic and inflammatory conditions.

[^1]: (+) Presence of phytochemical constituents. (-) Absence of phytochemical constituents.

[^2]: Each measurement was done at least in triplicate and the values are the means ± SD for eight rats in each group.

[^3]: PEE = purslane ethanolic extract.

[^4]: P \< 0.05 significantly different from the normal control group.

[^5]: Each measurement was done at least in triplicate sample and Data is presented as mean ± SD (n = 8); PEE = purslane ethanolic extract; AST = aspartate transaminase; ALT = alanine transaminase; ALP = Alkaline Phosphatase; TP = Total Protein.

[^6]: Significantly different from the normal control group at p \< 0.05.

[^7]: Each measurement was done at least in triplicate samples and Data is presented as mean ± SD (n = 8).

[^8]: PEE = purslane ethanolic extract.

[^9]: Significantly different from the normal control group at p \< 0.05.

[^10]: Each measurement was done at least in triplicate samples and Data is presented as mean ± SD (n = 8).

[^11]: PEE = purslane ethanolic extract; TriG = Triglycerides.

[^12]: Significantly different from the normal control group at p \< 0.05.

[^13]: Each measurement was done at least in triplicate and the values are the means ± SD for eight rats in each group;

[^14]: PEE = purslane ethanolic extract; SOD = superoxide dismutase; CAT = catalase; GPx = glutathione Peroxidase MDA = Malondialdehyde.

[^15]: P \< 0.05 significantly different from the normal control group.
